Abstract Understanding the adoption factors of a technological innovation is crucial. However, it is a wild assumption that these factors are of similar importance for mandatory and voluntary adoption. Hence, understanding the distinction is critical because, more than often an innovation is adopted with different organizational objectives-though operate in a same industry for a same application. The purpose of this study is to compare the organizational adoption factors of a technological innovation in mandatory and voluntary setting, taking Radio Frequency Identification (RFID) technology as the case innovation. The results indicate that perceptions of the adopters differ significantly on technological, organizational, and environmental characteristics and expectation when the contexts are different. Multi-group analysis confirms that, among the technological factors, compatibility is the major concern in a mandatory setting whereas cost and expected-benefits are the main for voluntary adoption; organization' s attitude is more important than organizational resources-in both contexts; and, external pressure is important both in mandatory as well as voluntary environment.
Introduction
Radio Frequency Identification (RFID) is one of the most influential technological innovations in the current world. In terms of its increasing use in national, organizational, and individual level applications it is recognized as one of the most powerful innovations in recent decades (Sheng et al. 2010) . RFID is a generic term which implies a combined architecture of RFID hardware and software that transmits the identity (in terms of a unique serial number) of an object wirelessly without manual interventions but using radio waves (Sheng et al. 2010 ). Considering the current exploitation in newer applications, RFID is treated as the world's "oldest new technology" (Poirier and McCollum 2006, p. 3) . Increasingly, RFID is becoming an unavoidable and uncompromising technology. In response to current business needs, many industries and organizations have adopted RFID technology while many others are on their way.
The adoption of an innovation (Rogers 1995) as well as a technological innovation (Tornatzky and Fleischer 1990 ) is a prime research area, especially in Information Systems (IS). A number of empirical studies have been performed in these fields (Oni and Papazafeiropoulou 2012) . Consequently, the determinants of adoption and their effects are well researched. In general, the adopters adopt an innovation as a voluntary choice. Still, in numerous occasions the adoption, especially of technological innovations, is not a voluntary choice rather is forced or mandated (Brown et al. 2002; Koh et al. 2010 ). It will be a wild assumption that the antecedents of adoption for voluntary adoption will be the same for a mandatory adoption; hence, literature considers that adoption factors are different in volitional contexts -voluntary and mandatory (Rawstorne et al. 2000; Wen et al. 2009 ). An IS can be mandated (to use) by a firm to its employees (e.g. Mather et al. 2002, investigating in a manufacturing company where the employees are to use a safety management computer system; Zhang et al. 2011) or by the external supply chain members to the firms (e.g. Wal-Mart's mandate to its suppliers), or by the government agencies (Coffey et al. 2013) . The first case is fundamentally and significantly different than the others; a system that connects the downstream supply chain with the upper-stream supply chain requires more effort than a standalone system. However, the volitional adoption usually addresses the adopters' own efficiency, without affecting (positively or negatively) the other members. Therefore, scholars urge for research on the impact of contextual factors because these factors may have divergent impacts on different environments and different processes of adopting (Kwon and Zmud 1987; Rawstorne et al. 2000) . However, it is glaringly true that the comparison of these environments and relevant adoption-factors have not been studies extensively, although discrete initiatives are observed explaining voluntary and mandatory adoption process in separate frameworks. Therefore, the questions remain vivacious as: do the antecedents of innovation adoption differ when it is adopted voluntarily and mandatorily (Brown et al. 2002) ? Or, is relationship between organizational resource and actual adoption stronger for voluntary adopters than for mandatory adopters? Similar questions can be derived for other relationships (e.g., external pressure vs. adoption) too.
Extensive body-of-knowledge has been developed in voluntary adoption of innovations, mostly in the contexts of individual-level adoption, while a few in SMEs (Oni and Papazafeiropoulou 2012) . However, the established relationships of those studies have not been tested in a mandatory environment to investigate whether those factors are significant in mandatory settings as well. Though the initial commercialized application of RFID has not started before the mandate imposed by Wal-Mart, Department of Defense (USA), Target and so on; currently it is observed that RFIDadoption is shifting toward voluntary direction; and therefore, firms are looking for tools, frameworks, and methodologies to enable them to evaluate the real impact of RFID technology on their business processes (Linda and Samuel 2007; Wen et al. 2009 ), which underscores the necessity of studying the adoption of RFID under the lights of mandatory as well as voluntary choice.
In this regard, the current study promises to close this research gap -examining adoption factors in mandatory and voluntary environment from organizational perspective. In theory, two different groups -mandatory and voluntary adopters can interpret a particular issue differently. Consider an example with the perceived complexity. In a mandatory environment, perceived complexity might not hinder the adoption process; but in a voluntary environment it may deter the prospective adopters' decision. However, in both cases perceived ease of use may increase the adoption. The question still remains whether ease of use really has impact on both environments? If the answer is 'yes', what is the relative importance? Therefore, this research is a response to the following questions:
1. What are the significant adoption-factors in voluntary and mandatory settings? 2. What is the relative importance of adoption-factors in voluntary and mandatory environments?
The organization of the rest of this paper proceeds as follows. The next section focuses the innovation in question and the context where it is implemented. Then, we conceptualize the research model and propose the hypotheses. The subsequent section describes our research methodology and empirical data analyzes. Finally, we discuss the implications of our research in terms of theoretical and practical contributions, and then provide the concluding remarks.
Background literature
It has been a real challenge for the innovation-manufacturers to understand the adoption behavior of firms. Similarly, organizations also are interested to understand the acceptance behavior of the users toward an innovation because the success of a technology largely depends on its acceptance (Davis 1989; Davis et al. 1989; Venkatesh and Davis 1996) . Researchers around the world have been examining the contributing factors to accept an innovation, especially from individuals' perspective focusing entirely on volitional choices (Brown et al. 2002) . In doing so, prior studies use a number of prominent behavioural theories including Innovation Diffusion Theory (IDT) (Rogers 1995) , Theory of Reasoned Action (TRA) (Ajzen and Fishbein 1975) , Theory of Planned Behaviour (TPB) (Ajzen 1991) , Technology Acceptance Model (TAM) (Davis 1989; Davis et al. 1989) , and Unified Theory of Acceptance and Use of a Technology (UTAUT) (Venkatesh et al. 2003) . Various models also have been developed from social and cognitive psychology to assist explaining (or predicting) the acceptance of IS and IT (e.g. Social Cognitive Theory; Bandura 2001 , or Mather et al. 2002 . However, fewer theories or models have been developed explaining the adoption process of organizations including IDT (Rogers 1995) , TechnologyOrganization-Environment (TOE) framework (Tornatzky and Fleischer 1990) , Tri-core Model (Swanson 1994) , and Diffusion/Implementation Model (Kwon and Zmud 1987) . All of these theories/framework/models have been tested and produced good explanations regarding the voluntary adoption process.
To the best of the authors' knowledge, no universal theory or model has been developed which can explain the mandatory adoption behaviour of an individual or an organization (Mather et al. 2002) . However, a few initiatives have been taken by the scholars to test some of the above-mentioned models whether they fit in a mandatory setting as well, but without a great success (Koh et al. 2010 ). Venkatesh and Davis (2000) examined an extension version of TAM, called TAM2, in both volitional and mandatory contexts using voluntariness as a moderator. Although their results claim that TAM2 works fairly well in both environments (Mather et al. 2002) but loses its explanation for a truly-mandated system without an alternative (Brown et al. 2002) . Moreover, another study (Venkatesh et al. 2003) found that voluntariness is significant only when it interacts with three or four other moderators simultaneously (Koh et al. 2010) . Hence, the legitimacy of TAM2 is not obvious. In another initiative, Rawstorne et al. (2000) described the issues using TPB and TAM to predict and explain mandated IS use; their finding is mixed: both TAM and TPB can and cannot explain some specific behaviours (Nah et al. 2004) . Similarly, on the way to develop a theoretical model to explain mandatory use of IT, Koh et al. (2010) found that TAM "loses much of its explanatory power in mandatory settings" (p. 1). However, the objective of this research is not to develop a theory or theoretical model to explain mandatory use of an IS but to investigate the difference of influence of the established factors of adoption in both voluntary and mandatory environments from previous studies.
The research model and hypotheses
The research model used for this study combined theoretical aspects, constructs and variables of Innovation Diffusion Theory (IDT), Technology-Organization-Environment (TOE) framework, Technology Acceptance Model (TAM) (Davis 1989; Davis et al. 1989) , and a construct from Expectation Disconfirmation Theory (EDT) (Oliver 1980) .
IDT is the first reported theory that explains the adoption diffusion in organizational settings. It is one of the most widely used theories that has been applied and justified in numerous innovation-adoption studies. Rogers's perceived characteristics of the innovation are relative advantage, compatibility, complexity, trialability, observability. The factors complexity and relative advantage are similar to the ease of use (EoU) and perceived usefulness (PU) of TAM (Zhang et al. 2011) . However, based on IDT and other relevant theories, Tornatzky and Fleischer (1990) have developed a unified model regarding the technological innovation-adoption and named it as the Technology-Organization-Environment (TOE) framework that has got lots of empirical supports from the researchers. TOE posits that the adoption decision of a technology is dependent on technological, organizational, and environmental characteristics. Both EoU and PU have been included in TOE as the technological factors. In addition, Rogers's three groups of adoption-predictors (individual/leader) characteristics, internal characteristics of organization, and external characterize of organization) also have addressed in TOE framework. In TOE, the individual characteristic can be viewed as a specific internal organizational factor (Zhu et al. 2003) , while the external characteristics (e.g. system openness) refers to the environmental context (Wang et al. 2010) . Moreover, the characteristics of organization (centralization, complexity, formalization, interconnectedness, organizational slack, size, socioeconomic characteristics, personality variables, and communication behaviour) are diffused into the TOE as the organizational factors. Therefore, TOE is considered as consistent with IDT (Wang et al. 2010; Zhu et al. 2003 Zhu et al. , 2006 , and TAM. Moreover, the seminal work of Jeyaraj et al. (2006) that carried out a review of empirical work in traditional IS studies categorized the significant factors that are important for technological innovationdiffusion into four categories: environmental descriptors, organizational factors, individual characteristics, and innovation characteristics. When discussing the organizational adoption process the individual characteristics of the IS user can be omitted while the innovation characteristics can be viewed as the technological factors. Therefore, the rationale for using TOE framework to understand organization-level adoption factors is justified; and hence TOE is considered as a powerful tool for understanding technological innovation-adoption by organizations (Scupola 2003) . We used the TOE framework as the underlying theoretical background of our research model. As mentioned earlier, TOE framework explains that the decision of firms to adopt a technology is dependent on technological, organizational, and environmental factors associated with the organization and the technology. We now discuss them sequentially and develop the hypotheses.
Technological factors
The extant of literature finds that technological factors have significant effect on RFID adoption (Schmitt and Michahelles 2009) . The supported technological factors of RFID are compatibility (Brown and Russell 2007; Schmitt and Michahelles 2009; Wang et al. 2010) , complexity (Brown and Russell 2007; Wang et al. 2010) , costs (Brown and Russell 2007; Schmitt and Michahelles 2009; Wen et al. 2009 ), trialability (Leimeister et al. 2007) , standards (Brown and Russell 2007; Wen et al. 2009 ), perceived usefulness (Brown and Russell 2007; Scupola 2003) . In this study, perceived usefulness has been excluded from technological factors; the reason is explained in a later section.
Perceived complexity Perceived Complexity a well-accepted variable for an innovation that is defined as "the degree to which an innovation is perceived as relatively difficult to understand and use" (Rogers 1995, p.242) . A complex innovation like RFID involves different levels of technical, operational, and managerial complexity -depending on the level of use (Brown and Russell 2007) . Literature found that perceived complexity, associated with RFID implementation and use negatively influences its adoption (Schmitt and Michahelles 2009) . Therefore, the following hypothesis is proposed:
H1a: Perceived complexity of RFID technology will negatively influence RFID adoption.
Perceived compatibility Compatibility is the degree to which a technology is perceived to be consistent with an organization's strategy, infrastructure, practices, and needs (Premkumar and Roberts 1999) . Prior studies (e.g. Zhang et al. 2011) found that lack of compatibility deters organizations adopting and/or using IT/IS. Compatibility is more important in RFID context as RFID systems need to be consistent worldwide; especially when tags are interrogated in different countries (Moon and Ngai 2008) . Previous studies argue that a compatible and flexible RFID system would increase RFID adoption (Schmitt and Michahelles 2009) . Therefore, the following hypothesis is developed:
H1b: Perceived compatibility of RFID technology will positively influence RFID adoption.
Perceived trialability Trialability is recognized as an important technological innovation characteristic, and is defined as the extent to which a new technology can be broken into set of components and that can be implemented or "tried" in steps (Tornatzky and Fleischer 1990) . Social Cognitive Theory (SCT) finds that trialability is one of the most important characteristics of an innovation that can affect the ease of adoption (Bandura 2001) . Moreover, trialability through displaying demonstration projects by the RFID vendors will also contribute to speed up RFID adoption. Hence, it is proposed that:
H1c: Perceived trialability of RFID technology will positively influence RFID adoption.
Perceived cost RFID is perceived to be an expensive system. Though the basic cost of RFID is just the costs of RFID tags but an integrated system involves the costs with RFID readers, software, business processes re-engineering, operation, and maintenance (Kinsella 2003) . The associated cost of RFID is perceived as one of the most significant inhibitors for RFID adoption (Brown and Russell 2007; Schmitt and Michahelles 2009) . Therefore, the following hypothesis is proposed:
H1d: Perceived costs of RFID technology will negatively influence RFID adoption.
RFID standard Lack of RFID standard is considered as one of the main inhibitors of RFID adoption (Brown and Russell 2007) . RFID-standards are important particularly for those organizations whose products are interrogated by different organizations in different countries. Different RFIDstandards confuses the adopters and hinders RFID adoption. Therefore, the following hypothesis is proposed:
H1e: Lack of standardization of RFID technology will negatively influence RFID adoption. Tornatzky and Fleischer (1990) argued that organizational factors are extremely relevant and must be considered in any organizational innovation adoption research; RFID is not an exception. Organizational factors can be decomposed into organizational resources and organization' s management-related factors.
Organizational factors
In adoption literature, organization size is treated as the most powerful and supported variable; larger organizations tend to achieve 'economy-of-scale' and therefore are more likely to adopt RFID (Ghadim et al. 2005; Tornatzky and Fleischer 1990) . RFID adoption also depends on financial, human, and technological resources of the organization (Iacovou et al. 1995; Huyskens and Loebbecke 2007) . Financial resources are required to pay for implementation and upgrade costs of the technology, and its maintenance (Iacovou et al. 1995 ). An organization with better quality human-resources will have higher ability to understand the innovation and, therefore, increases the possibility of its adoption (Lin and Ho 2009) . Similarly, the availability of technical resources and technical know-how are critical for RFID adoption (Brown and Russell 2007) . Also, organization's physical proximity to other adopters is positively related to adoption Hossain and Quaddus (2011) as more distant or isolated firms usually are less informed and less confident on an innovation and therefore are less interested to adopt. So, the following hypothesis is developed: H1a: Organizational resources will positively influence RFID adoption.
Like resources, management-based factors are also considered as important for RFID adoption. Management attitude (management support) of an organization has been considered as an important factor RFID adoption (Schmitt et al. 2009 ). Furthermore, organizational readiness (Iacovou et al. 1995) , organizational cultural/willingness to go beyond traditional methods (Hoske 2004) , organizational innovativeness (Thong and Yap 1995) , and risk-attitude (Ghadim et al. 2005 ) significantly influences RFID adoption. Hence, it is hypothesized that:
H2b: Organization' s management-related factors will positively influence RFID adoption.
External environmental factors
External environmental factors include the 'global' factors which are beyond organization's control but are important in functioning and decision-making behaviour (Quaddus and Hofmeyer 2007) . Bennett and Eustis (1999) suggest that external relationship is a key to success for organizations especially with technical applications. External environmental factors can be grouped into external pressure, external support, and external uncertainty Quaddus 2011, 2013) .
External pressure External pressure can be defined as the formal or informal pressures from outside of the organization to adopt a specific innovation or technique (Robertson and Gatignon 1986) . External pressure has been considered as a significant factor in innovation adoption research (Coffey et al. 2013) ; not surprisingly is also treated similarly for RFID adoption (Schmitt et al. 2009 ) and therefore is hypothesized as:
H3a: External pressure will positively influence RFID adoption.
External support External support can be defined as the support from the external bodies to inspire the adoption of an innovation (Premkumar and Roberts 1999) . External support may come from various sources -government (Lin and Ho 2009) , technology providers (vendors) (Huyskens and Loebbecke 2007; Lee and Shim 2007) , and relevant associations (Hossain and Quaddus 2013) . In a cumulative manner, the following hypothesis is suggested:
H3b: External support will positively influence RFID adoption.
External uncertainty External uncertainty can be defined as the uncertainty caused by external sources. Literature found that uncertainty increases organizations' incentive to adopt new technologies (Zhu et al. 2003) and RFID (Lee and Shim 2007) . However, others argued that, uncertainty negatively influences the adoption of RFID (Schmitt et al. 2009 ). In this current context, if the prospective adopters find that the markets do not guarantee the demand of RFID data for a reasonable duration, and/ or are uncertain that a new technology might replace RFID soon; they would not adopt RFID. Therefore, the hypothesis is proposed as follows:
H3c: External uncertainty will negatively influence RFID adoption.
RFID expectations
Perceived benefit or perceived relative advantage (commonly termed as perceived usefulness (PU)) has been discussed as a technological characteristic and a characteristic of the innovation in TOE and IDT respectively. This study argues that, consistent with TAM (Davis 1989 ), perceived usefulness is more an independent multifaceted construct (consisting variables from technology, business processes and operations, and so on) than a technological factor; thus has its own significance on the adoption process especially to a complex technological innovation like RFID. Furthermore, we replaced the PU by expectation with the following grounds. Expectation is the anticipation or prediction of the 'likelihood of occurrence' about a future service encounter (Mills 2005) while perception is the 'cognitive understanding'. For an expensive technological innovation like RFID (in terms of the technology itself as well as the cost of changing the business process and business model), the prospective adopters expect some positive outcomes (e.g. getting marketing advantage, return on investment) from the adoption rather than solely relying on the perceptions, especially in a mandatory adoption process. Therefore, expectations can be viewed as the desired outcomes of using/adopting a product/ innovation. Whitaker et al. (2007) stated that the "unfortunate" suppliers/producers who are "forced" to adopt RFID technology and had to bear the costs of RFID because of a partner mandate, expect an early return on their RFID investments (Hossain and Quaddus 2011) . Studies also argue that, though the external pressure enforces many organizations to adopt RFID technology but the benefits expected from RFID adoption is a significant factor influencing firms' adoption decision (Roh et al. 2009; Tellkamp et al. 2006) . Finally, consumer research found that expectation is the fundamental factor that a customer considers to (intend to) (re)purchase a product (Oliver 1980) . Thus, consistent with Roh et al.'s and Whitaker et al.'s study, this study focused on the firms' expectations on a RFID system. Hence, to examine the intention to adopt RFID, this study introduces expectation with other organizational-level adoption variables.
Expected benefits (expectations) have been considered as the most influential driver for RFID adoption (Mehrtens et al. 2001) . The field study conducted in this research found that "…without the feature of benefits it is just ludicrous (to adopt RFID); you just won't do it" (Hossain and Quaddus 2011). Wu et al. (2006) stated that "expectations of RFID benefits can be broken down into two parts: cost reduction and value creation". As found from the field study, RFID-expectations can be decomposed into monetary expectations and business-process expectations. Cost reduction can be viewed as a direct operational benefit while value creation is an indirect (intangible) benefit (Roh et al. 2009 ). Monetary expectations include positive return on investment (ROI), quick payback period, increased profit, competitive advantage, and penetrating into new markets (Hossain and Quaddus 2011) . Similarly, business-process expectations included lifetime traceability, better farming, farmefficiency, and reduce animal theft. Therefore, the following hypotheses are developed as: H4a: Monetary expectation will positively influence RFID adoption. H4b: Business-process expectation will positively influence RFID adoption.
Volitional context
The antecedents (and/or the strength of influences of the antecedents) of adoption of a mandated system are assumed to be different than those in a voluntary environment. For example, TAM suggests that, in volitional environments, perceived usefulness (PU) is the key antecedent of intension to adopt a technology. However, studies found that in mandatory setting, perceived ease of use (PEoU) has stronger role than PU (Adamson and Shine 2003; Brown et al. 2002) . Similarly, Nah et al. (2004) found that perceived fit and perceived compatibility have stronger roles than PU and PEoU, in the context of ERP adoption. Our research assumes that volitional context plays a role on the adoption process.
H5: Volitional context has significant moderating effect on RFID adoption. 
Methodology
The current study has been conducted in Australian livestock industry, which is one of the biggest user of RFID technology in the world. In Australian corporate farms, appointed employees run farm operations and business activities; they have formal organizational setup. Unlike corporate farms, familyfarms do not have formal organisational structure where mostly respective family-members are involved in farming as fulltime/part-time/casual worker, though sometimes they employ and/or contract professional labour. Yet, (small) familyfarms conceive business ideas and take decisions on consensus among the farm-people where the family-head performs as the Chief or 'owner manager'. The (owner) manager may own or have a share in the business and is usually responsible for day-to-day farming operations; while the family members are involved in strategic decisions (Hooper 2010 )-family-farms are recognised as the major sector in the Australian livestock industry (Green 2009) . Therefore, the current study considers the family-farms as organizations and thus applies organizational theories. Moreover, we considered both livestock farms as well as braodacre farms (that have livestock business along with other agriculture business); the third type can be a dedicated agriculture farm. Farms with livestock are experiencing RFID technology especially because of government legislation and market compulsion; however, a dedicated agricultural farm may use RFID for its asset management which is still in infancy stage (Meng et al. 2010) .
The research process was divided into three phases. The first phase involved an extensive literature review and developing the initial research model. The second phase conducted a qualitative field study in order to enhance the initial research model. Conducting the field study, eight farms were interviewed using semi-structured questionnaire. The collected data were analyzed using the content analysis technique of coding and categorization (for detail, see Hossain and Quaddus 2011) . A further review of the data and literature led to the development of a final research model that was tested in the quantitative phase of the study. The final phase of the data collection in this study involved a national survey among the farms who have adopted RFID technology either because of mandate or as a voluntary choice.
In the current study, mandatory adopters were defined as the adopters who have implemented RFID technology because of the mandate, introduced by the Australian government (and/or by the international markets); and would not adopt it if RFID use were not mandatory (mainly the cattle farmers who just comply with the mandate). On the other hand, voluntary adopters were defined as the adopting farms that adopted RFID technology not because of the mandate but inspired by successful business-cases or by some other rationales.
Questionnaire development
Two questionnaires have been developed: one for the voluntary and another for mandatory adoption. However, the number of items is the same for both models while some of the items were slightly tweaked keeping the same meaning -to fit for the respective model. For example, the item EP1 for the mandatory environment model was "government mandate made us to adopt RFID" which was modified into "we adopt RFID as we know that it will be mandatory in the near future" for the voluntary model.
The factors described earlier (in Research Model section) have been measured with great care. The constructs, except external uncertainty and perceived trialability, were operationalized as reflective. External uncertainty and perceived trialability were operationalized as formative, emergent constructs formed from three and two formative indicators, respectively. The theoretical rationale is that, these indicators are not necessarily correlated among each other; rather, these items form the constructs (Jarvis et al. 2003; Petter et al. 2007; Teo et al. 2003) . Six-point Likert scale ranging from 'strongly disagree' to 'strongly agree' has been used to measure 51 items. Two items (of RFID adoption) were measured using 'less than 1' to 'more than 5' scale. The list of measures and relevant reference is provided in Appendix A.
Sample
Prior to administering the survey, a pre-test of the survey was conducted involving a convenient sample of 22 respondents (12 mandatory adopters and 10 voluntary adopters). The findings of the pre-test ensured that the survey instrument was effective and the constructs were clearly understood by the participants. For the survey phase, 2,500 farms were selected randomly from various agricultural and livestock agencies of Australia and were invited to attend the survey. Two sets of questionnaire were sent: one set targeted the mandatory adopters and another aimed the voluntary adopters. The respondents were requested to complete only the relevant survey. The mail survey-form included a Web link as well. Concurrently, the Web link was supplied to several agencies associated with livestock business that they attached with newsletters. Therefore, the response rate could not be established; however, the rate is low. It is noted that low response rates is not uncommon for small businesses in Australia (Quaddus and Hofmeyer 2007) . Overall, 135 responses from 'voluntary' and 220 from 'mandatory'-sample were usable, while a number of responses were dropped because of missing values. The demographic data finds that almost 70 % of the respondents (68.9 % in voluntary and 69.1 % in mandatory) are more than 50 years of old. 48.9 % of voluntary sample and 41.8 % of the mandatory sample do business only with livestock while the rest have braodacre farms (consisting livestock and other agricultural business). Among the voluntary farms 22.2 % farms receive more than $5000 K annually, 23 % receive $200-299 K, 14 % less than $50 K, 15 % $100-199 K; a similar trend is observed among the mandatory adopters (22.7 %, 11 %, 18 %, and 14 % respectively).
Data examination
Non-response bias was assessed by the following method. For each model the responses were split into early (wave 1) and late respondents (wave 2 representing the non-respondents). For the voluntary model, 95 responses were in Wave 1 while 40 were in Wave 2. Similarly, the mandatory model consistent 139 responses from Wave 1 and the rest 81 were from Wave 2. Independent sample Mann-Whitney U Test was performed to test the significant differences between two different waves. The results in Table 1 show that, in each instance, z-values are not significant at 0.05 level. This meant that, the response for Wave 1 and Wave 2 samples could be combined for data analysis; the sample satisfied the minimum requirement of sample argued by Barclay et al. (1995) .
Data analysis
The data gathered from the survey were analyzed by partial least squares (PLS)-based structural equation modelling (SEM), using PLS Graph 3.0 (Chin 2001) . This study used the standard PLS analysis of the individual item reliability, composite reliability and discriminant validity, to assess the adequacy of the measurement model (Barclay et al. 1995; Hulland 1999) . For the structural model, the assessment process involves evaluating the direction of path coefficient (β value), the value of t-statistics, and the explanatory power of the independent variables (R 2 ) (Barclay et al. 1995; Santosa et al. 2005) . Table 2 summarizes the PLS measures.
Results

Evaluating the measurement model
Item reliability Referring to Igbaria et al.'s (1995) argument, this research adopted the minimum cut-off level of 0.5 for item loading; and following this rule, five six items from each model were discarded. The item loadings are detailed in Table 3 with the low loading items marked as 'a'. The revised models were again tested using PLS and all item reliabilities exceeded the 0.5 reliability criteria.
As mentioned earlier, item reliability of formative items is not examined with item loading but with the weight scores (Table 4) . There is no agreement on the acceptable value of the weights (Rai et al. 2006) ; however, Zhu et al. (2006) suggested that the weight of each items forming a construct (i.e., the items of a formative construct) must possess the value of 0.3. All the items of our two formative constructs satisfied the minimum-weight criterion. Nonetheless, following Diamantopoulos and Siguaw's (2006) recommendation, the Variance Inflation Factor (VIF) for each formative variable was estimated in assessing multicollinearity; VIF values below 3.3 are considered acceptable (Petter et al. 2007) .
Internal consistency Many quantitative researchers had been using Cronbach's alpha as a measurement for internal consistency. However, Chin and Gopal (1995) argued that Cronbach's alpha represents a lower-bound estimate of internal consistency considering its parallel measures. They suggested that, a better estimate can be gained in PLS, because there is no assumption in PLS that all indicators are equally weighted (Chin 2010) . The second measure suggested by Chin (2010) , to assess internal consistency, is concerned with assessing the Average Variance Extracted (AVE) for each reflective constructs. Therefore, we calculated the composite reliability (CR) and the average variance extracted (AVE) to assess the reliability of the constructs (See Table 5 ). Here, the CR and AVE of all scales have exceeded respective 0.7 (Barclay et al. 1995; Nunnally and Bernstein 1994) and 0.5 cut off value (Jiang et al. 2002) . CR and AVE for external uncertainty and perceived trialability have not been included into this calculation as these measures are not required for formative constructs (Jarvis et al. 2003) .
Discriminant validity A third assessment of measurement model is 'discriminant validity', which refers to the degree to which constructs differ with each other in the same model (Barclay et al. 1995; Hulland 1999) . To establish discriminant validity at construct level, for each model, the square root of the AVE is compared to the inter-construct correlations. For each construct, the square root of AVE for that construct was greater than the variance shared between a construct and other constructs in the model (Barclay et al. 1995) . Tables 6 and 7 present the results of discriminant validity of the voluntary and mandatory adoption model respectively.
In the last analysis for discriminant validity, cross loadings for each item were explored and compared across all constructs and are presented in a form of cross-loading matrix (see Appendix B1 for the Voluntary model and Appendix B2 for the Mandatory model). To prove the discriminant validity, an item should not load higher on other constructs than on the constructs it intends to measure. Our revised models satisfy the discriminant validity at item level too. However, PLSGraph 3.0 does not produce this statistics. Thus, we had to manually calculate the output produced by the software using other statistical software package namely SPSS version 19 for Windows.
Testing the structural model and hypotheses
The structural model deals with testing the hypothesized relationships. We have used bootstrap method to test the hypotheses. Each hypothesis was tested with the value and sign of the path coefficient and t-value. The results detailing the path coefficients, and t-statistics are summarized in Table 8 . R 2 for the voluntary model is 64.3 % which is 56.9 % in the mandatory modelsatisfying the required value of 10 % (Teo et al. 2003) . PLS results for voluntary and mandatory adopters are presented in Fig. 2a and b respectively.
Multi-group analysis
Our analysis is extended to multi-group analysis: to test the separate effects of the constructs on each model. In this analysis, the Smith-Satterwait test was employed because the samples are not distributed normally and the variances of these groups are assumed different (Chin 2000) . According to this procedure, a t-test is calculated by the following equation:
The 'path sample ' refers to the value of the path coefficient according to the subgroup, whereas SE refers to the standard error of the subgroup. Information for both was 
n þ 1 6 6 6 6 6 4 7 7 7 7 7 5
Where; m=sample size of subgroup1 n=sample size of subgroup2
6 Discussion on findings
Technological factors
The findings of this study showed that, perceived complexity and lack of standards of RFID technology have partial affect on RFID-adotion (insignificant t-value with acceptable direction of path coefficients) both in voluntary or mandatory environements. Schmitt and Michahelles (2009) (Brown and Russell 2007; Shih et al. 2008 ), but by the mandatory adopters (Schmitt and Michahelles 2009) . The implications for these findings are significant. The earlier RFID adoption studies often stated that organizations perceive RFID as very complex, and "hard to understand" and implement, which inhibits RFID adoption. The result from our research implies that complexity about RFID is a 'tattle'; in reality, RFID is not that complicated. Therefore, the 'yet-to-be adopters' may try RFID without having a prejudice on its complexity.
It is found that, when organizations are mandated to use RFID, from technological perspective, compatibility is the most important factor they consider. However, compatibility is not a major concern in a voluntary adoption process. When the adoption is mandatory, the prospective adopters only consider whether, and to what extent, the technology is compatible with their current infrastructure, practice, and culture. Voluntary adopters can compromise with the compatibility issue as they can take time and make their current system compatible with an RFID system, or implement an RFID system in an increment fashion which is compatible with their current system. Consequently, the voluntary adopters are more interested on the trialability capability of an RFID system. RFID manufacturers, therefore, need to concentrate on the compatibility and trialability issues.
In a mandatory adoption, the cost of RFID components and implementation are treated as "business costs" which they adjust with the other costs and profit margin. However, cost is a sensitive issue in a voluntary environment. It is perceived that (though the decrease on RFID tags price), RFID is an expensive system that negatively affects the rate of RFID adoption among the voluntary adopters. In both models, the respondents urge for sharing the costs of RFID among every stakeholders of the food supply chain.
Organizational factors
It is interesting to find that, in both models, the availability of organizational resources does not influence RFID adoption but the organization's management-related factors do. Brown and Russell (2007) also did not find the significance of resource on RFID adoption. Similarly, literature is quite unanimous accepting the role of management attitude on RFID adoption (Lin and Ho 2009; Schmitt and Michahelles 2009; Tsai et al. 2010) . It is an important finding which supports that, resources are complimentary but organizational attitude is more important for RFID adoption. A farm with massive resources but lacking of 'innovativeness', for example, can be a nonadopter whereas a small farm with positive managementattitude can be an adopter. Actually, when RFID adoptiondecision is voluntary, the decision is a management-decision, not a technical/technological/financial decision. The management first needs to understand RFID capability and get convinced and then can decide the adoption timing and adoption-breadth depending on the available and acquirable resources. Hence, the organizations need to realize their role on the development of a 'complete' visibility in the livestock supply chain and then arrange their resources accordingly.
Environmental factors
In both mandatory and voluntary environment, there is significant statistical evidence to support a positive relationship between external pressure and RFID adoption, similar is found by other studies too (e.g. Coffey et al. 2013; Lin and Ho 2009; Schmitt and Michahelles 2009; Shih et al. 2008; Wen et al. 2009 ). However, external support is not supported in either model; however, this result is supported by practice; (Swedberg 2007) . Though the external support is not supported, its power and contribution should not be undermined. Particularly in Australia, the livestock farmers have been enjoying timely and regular support from the external sources, especially from the government. However, a more proactive and aggressive approach from the vendors, by demonstrating RFID projects and providing technical support, would inspire farmers embracing more RFID applications and services. Moreover, a positive approach from the farming associations toward RFID technology and thus educating the farmers is invaluable. External uncertainty does not have significant influence to convince the farmers to adopt RFID, which is supported by literature (Schmitt and Michahelles 2009; Lin and Ho 2009) . The field study conducted in this study also supports this finding: the livestock producers are almost certain that "the demand for RFID data will be there for distant future" (Hossain and Quaddus 2011) . The respondents admit that, the markets with stringent demand of RFID-based food traceability is increasingly getting bigger and bigger. Moreover, the technological base of RFID is quite strong and thus less susceptible to be replaced by a better technology in a recent future. Therefore, the respondents of this research obliterate the presence of external uncertainty on their adoptiondecision process.
RFID expectations
Finally, the results of this study find that the expectation from RFID technology influences RFID adoption in a voluntary environment, but not in a mandatory environment. Brown et al. (2002) too found that perceived usefulness is more important in a voluntary setting, not in a mandatory environment. Schmitt and Michahelles (2009) also could not find a relationship between perceived benefits and RFID adoption. In a mandatory environment the adopters' expectations do not influence the adoption decision because they do not possess the 'luxury' to expect but to follow the rules. In contrast, the voluntary farms adopt RFID technology when they convince themselves that RFID could address their expectations; the more they expect from an RFID system, the more positive they are to adopt RFID.
Impact of volitional context
Multi-group analysis reveals that the volitional context plays a role on adoption; in Australian livestock industry, the significant factors that have different influences in different environments are: RFID costs, monetary expectations, and business-process expectations.
The voluntary adopters support that, RFID costs is a significant inhibitor for RFID adoption. When the use is mandatory, the costs associated with RFID implementation does not affect adoption, but may be to integration-depth -further investigation may reveal the picture more perfectly. The implication of this finding is associated with the technology manufacturers and vendors. If a quick and extensive adoption is the objective the costs associated with RFID technology have to be reduced.
The multi-group analysis also finds that, monetary benefits ensure more adoption when the adoption is voluntary. It is quite plausible and intuitive that firms adopt an innovation when the innovation guarantees some monetary benefits; however, the same may not necessarily be true in a mandatory process. Although the business-process expectation is not supported in either model, but the multi-group analysis explored that business-process expectations ensure more adoption in a mandatory environment than in a voluntary setting. Therefore, in a voluntary adoption-environment, the features of RFID system over the traditional systems need to be publicized among the prospective adopters. For demonstration purpose, the applications can be broadcasted so that the farms easily understand these. This responsibility can be taken by the government as well as by the RFID vendors, manufacturers, and innovation-advocates. On the other hand, in a mandatory environment, the proper dissemination of the business-process usefulness of the mandatory system aids a .0 7 ( .6 7 )
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.0 4( . better acceptance by the intended users of the system. People intend to see the ultimate business-benefits of adopting a system even when it is mandatory; a clear demonstration of system-useful is imperative in this regard.
Implications
Implications for theory
This study is the first reported initiative that compares the adoption factors in mandatory and voluntary environment, in the context of RFID technology. Besides, it added novelty in theory by summarizing the relevant factors. For example, though researched discretely, scholars did not compile the external environmental factors. Under the "environment" construct, Gibbs and Kraemer (2004) examined external pressure, government promotion, and legislation barriers while Wang et al. (2010) examined competitive pressure, trading partner pressure, and information intensity. Similarly, Zhu et al. (2003) examined consumer readiness, competitive pressure, and lack of trading partner readiness, Scupola (2003) examined competitive pressure, government, and infrastructure, while Chau and Tam (1997) examined only the market uncertainty as the external environment. Our model presents a systemic approach of presenting external environment consisting external pressure, external support, and external uncertainty. Similarly, in response to the discrete presentation of technological factors of RFID our research complies and presents the organizational factors, technological characteristics, and RFID-expectations of RFID in a single framework.
The current study provides support suggesting that adoption factors are different in different environments. When the adoption is mandatory, the significant factors are the pressure from the externals, compatibility of the innovation, and management-related factors of the adopting organizations. In contrast, for voluntary adoption, external pressure; management-related organizational factors; trialability and cost of the innovation; and expectations from using the innovation are important.
Finally, the inclusion of expectation in an adoption model is a major theoretical contribution of our study. Instead of examining perceived benefits as a technological factor, our research emphasizes that, in the context of adoption of a technological innovation, expectation is more relevant than perceived benefits and should qualify as a multi-facet individual construct that has its own separate role on the adoption process.
Implications for practice
The findings of the research also have important practical contributions, namely for the government agencies, technology manufacturers and vendors, and organizations. The deploying organization/agency should emphasize on the compatibility issue than any other issues when they plan for a mandate. On the contrary, if the adoption is left as a voluntary choice, they should exercise pressure as well as consider the factors including the trialability of RFID in the application in question, and the relevant costs of RFID. Moreover, when the adoption of RFID makes a supply chain more visible and efficient, the costs of RFID should be shared among the supply chain members including the consumers of the supply chain product(s), and thereby distribute the cost components accordingly/proportionally. This research also advocates that technologists are obsessed with RFID tag costs. Although tag cost is significant and representative, the costs of the components used in an RFID system needs to be taken care of which includes RFID reader, weighing machine, temperature control unit, etc. Mere reduction of tag cost does not guarantee RFID adoption, which is already proven. Therefore, an integrated approach regarding RFID costs would be feasible. Also, our research leaves a recommendation for the researchers and practitioners to investigate the standardization of information requested by the upstream supply chain. For organizations, this research advocates that RFID adoption is a management decision, which is dependent on their management-relevant factors, mere resource is not sufficient. Finally, organizations need to develop rational expectations from RFID that may further investigated whether RFID could offer those benefits. The minimal the discrepancy the maximum is the chance for a successful RFIDsystem.
Conclusion
This study has discovered the state-of-the-art of RFID adoption in both voluntary as well as mandatory environment. This study used a research model that extends the TOE framework and incorporated a well-accepted construct from marketing literature namely 'expectation' in order to identify the significant factors that influence the RFID adoption. It is established that 'expectations' as an independent construct that has a direct and leading role in adoption behaviour, especially in a voluntary setting. The constructs and the variables were developed from a comprehensive literature review. This effort makes a theoretical contribution to the adoption-diffusion literature as well as practical contributions to the relevant industries. Depending on the nature of adoption, mandatory or voluntary, deploying agencies and/or organizations may use the findings of this study to prepare themselves addressing RFID adoption and take necessary measures to the significant relevant factors. Appendix A Appendix B1 
